The rhizome of Drynaria rigidula has been traditionally claimed to have anti-infective properties. A phytochemical study conducted on the rhizome successfully isolated two new aromatic glycosides as well as three known terpenoids, two benzoic acid derivatives and two known flavonoid glycosides. The rhizome methanol extract and its fractions were tested against Mycobacterium tuberculosis, Plasmodium falciparum, herpes simplex virus and KB-oral cancer cell; insignificant activity was found.
Since early Indonesian civilization, medicinal plants have been used to treat ailments from generation to generation with knowledge of their healing properties being passed through verbal and non-verbal records. Throughout the archipelago, more than 9,000 plants have been recorded to have medicinal properties. However, a recent study [1] concluded that only a small percentage of them have been studied -this includes the particularly neglected Indonesian epiphytic plants, both parasitic and non parasitic varieties.
Epiphytes occupy more than 10% of the world's total plant species and the majority exists in the Magnoliophyta division [2] . Currently, our laboratory is developing a record of epiphytic medicinal plants that covers the ethnopharmacology, ethnopharmacy, phytochemistry and pharmacology of 260 epiphytic medicinal plants.
Our study started in early 2010, with field trips in the Malabar Forest, East Java, Indonesia where we surveyed, selected and collected epiphytic medicinal plants used traditionally for infection therapy. In this paper, we report the phytochemical study of Drynaria rigidula, used traditionally as an anti-viral and antiinflammatory agent, and to treat eye infections and gonorrhea.
Drynaria species are common epiphytes in tropical forests. The genus is composed of at least 16 species with only 5 being claimed to have medicinal properties: D. fortunei, D. quercifolia, D. propinqua, D. sparsisora and D. rigidula. D. fortunei is highly prescribed in China for osteoporosis therapy with recent findings revealing that the flavonoids present significantly suppress osteoclast activities. Phytochemical studies have been performed on the first three species, with 30 compounds being isolated, including steroids, flavonoids and their glycosides [3] [4] [5] [6] [7] . D. rigidula is an epiphytic bird's-nest fern locally named as simbar layangan or pasilan kelapa. It has fertile and sterile leaves. The species is distributed throughout the Indonesian Islands as well as southeast Asia to Polynesia (Fiji) and Australia. To the people of Java, the rhizome of D. rigidula has been used in traditional medicine, but, to date, there has been no phytochemical investigation of this species. We report here the results of our study into the bioactive constituents of this plant [8] .
The crude extract of the rhizomes was fractionation into n-hexane, dichloromethane, ethyl acetate and residual fractions. Column chromatography of the n-hexane and dichloromethane fractions, followed by preparative thin layer chromatography, produced three isolated compounds. EIMS and nuclear magnetic resonance spectral analyses suggested these were the known compounds fern-9(11)ene [9] , hop-22(29)-ene [10] , and γ-sitosterol [11] . These terpenes are common in ferns, but are reported here for the first time from D. rigidula.
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fraction. The first two peaks with t R of 6 and 8 minutes were identified from subsequent NMR spectral comparison as the known benzoic acids, 3,4-dihydroxybenzoic acid and 4-hydroxybenzoic acid. Two other known glycosidic flavonoids, kaempferitrin [12] and 3,5-dihydroxy-flavone-7-O-β-rhamnopyranosyl-4'-O-βglucopyranoside [13] , came with t R of 35 and 42 minutes, respectively. For two previously unreported compounds, isolated with t R of 14 and 17 minutes, we propose the glycoside structures 1 and 2 (Figure 1 ). Compound 1, with a t R of 14 minutes, was a UV-active brown solid. 1 H NMR and 13 C NMR analyses indicated a glycoside molecule with an aromatic aglycon and two sugar moieties, for which gCOSY and TOCSY spectral analysis clearly indicated one aromatic proton system (aglycon) and two proton systems (two sugar units). The aglycon (proton system) was assigned as a 1,4disubstituted benzene ring with the quaternary carbon at 158 ppm assigned as attached to an -OH substitution (C4). The COSY and TOCSY spectra clearly indicated proton H1' to H3' of the first sugar unit. Through gHMBC spectral analysis, two quaternary alkene carbons, δ 100 (C4') and 156 (C5'), were assigned to be components of the first sugar ring system.
The chemical shift of the anomeric carbon C1' at 80 ppm was lower than that of the common anomeric sugar carbon chemical shifts. This suggested a C-C bond which, through gHMBC spectral analysis, clearly indicated a C-C bond bridge between C1' and C1. COSY and TOCSY spectral analyses were also able to assign proton H1'' to H5'' of the second sugar ring system, with coupling constant patterns of 3 J H1-H2 = 7.5 Hz, 3 J H2-H3 = 9.0 Hz, 3 J H3-H4 = 9.0 Hz, and 3 J H4-H5 = 5.5 Hz, which suggest proton-proton configuration patterns of axial-axial, axial-axial, axial-axial, and axial-equatorial, respectively [14] . In combination, this suggested an arabinopyranose moiety, which was confirmed by a MS/MS experiment, which showed a fragment loss of 132 a.m.u. The coupling constant of the anomeric proton ( 3 J H1-H2 = 7.0 Hz, H1'') suggested a β configuration. The anomeric carbon chemical shift at 104 ppm of the second sugar clearly indicated a C-O bond bridge as the gHMBC was able to allocate a C-O-C bond between C2' and C1''. The proposed molecular structure of 1 is illustrated in Figure 2 , along with selected H-C correlations.
Interestingly, we have assigned 1 as the ene-diol and not the corresponding keto molecule. There was no stretch in the IR spectrum typical of a carbonyl bond, and in the 13 C NMR spectrum, there were no signals that could be assigned to a carbonyl. Furthermore, there were chemical shifts at δ 156.5 (C5') and δ 100.7 (C4') assigned to the alkene attached to 2 x oxygen substituents (i.e. OH) in the pyran ring system. Therefore, the NMR analysis suggests an unusual ene-diol structure instead of the 'keto' form.
In order to confirm the assignment of 1, we undertook exhaustive acetylation of the isolated natural product. Analysis of the ESI MS of this product revealed a peak at m/z 681, an extra 252 a.m.u over 1, corresponding to the addition of six acetyl groups, confirming that six hydroxyl groups had been acetylated. Based on the NMR spectral analysis we found 16 carbons, 14 hydrogens and the carbon chemical shift analysis indicated 3 oxygens and 5 hydroxyl groups. Therefore, 1 had a molecular formula of C 16 H 20 O 9 , with molecular weight of 356 a.m.u.
Spectral analysis of compound 2 indicated that the compound was identical to compound 1, but without the second sugar moiety.
Biological testing:
The anti-microbial activity of the crude rhizome extract, as well as the n-hexane, dichloromethane and ethyl acetate fractions were screened for activity against Plasmodium falciparum, Mycobacterium tuberculosis, and herpes simplex virus, and also for their cytotoxicity against KB-oral cavity, breast and lung cancers. No activity was detected, which suggests that the isolated compounds do not possess significant biological activity. 
Extraction and fractionation:
A suspension of the above powder (500 g) in methanol (5.0 L) was stirred for 48 h at room temperature. The mixture was then filtered and the supernatant vaccuum dried to produce the rhizome extract (24.07 g). Liquidliquid fractionation of the rhizome extract produced n-hexane (10.44 g), CH 2 Cl 2 (0.93 g), and EtOAc (4.33 g) fractions, along with a residue (8.22 g).
Isolation: Part of the n-hexane fraction (1501.8 mg) was subjected to flash silica gel CC (2 cm diameter, 40 cm length) and elution with a n-hexane to ethyl acetate gradient, followed by an ethyl acetate to acetonitrile gradient, followed by acetonitrile-methanol (9:1). This produced 115 fractions. Crystal needles were obtained from fractions 5-9 (116.4 mg), and 21-24 (11.5 mg). Separately, these fractions were subjected to preparative TLC with n-hexane as the developing solvent to obtain needle crystals of fern-9(11)ene (75.2 mg) and hop-22(29)-ene (5.1 mg) from fraction 5-9 and 21-24, respectively. Pale yellow needle crystals were also collected from fraction 50 -59 (30.5 mg). Fraction 50 -59 was subjected to preparative TLC with 20% EtOAc in n-hexane as the developing solvent, which produced γ-sitosterol (12.7 mg).
The dichloromethane fraction (698.2 mg) was subjected to silica gel CC and elution with a gradient solvent system from n-hexane to ethyl acetate, and then ethyl acetate to acetonitrile, produced 71 fractions. Needle crystals were collected from fractions 2 -3, which contained fern-9(11)ene, and fractions 22 -23, which contained γ-sitosterol. These compounds were identified using EIMS analysis followed by database searching.
The ethyl acetate fraction (500 mg) was subjected to silica gel CC (2 cm x 5 cm). Elution with ACN: MeOH: H 2 O (8:1:1) produced 200 mL of solution, which was reduced to 10 mL. This was injected into 8 blocks for preparative HPLC (19 x 150 mm, 5 µm, Sunfire TM C 18 ) with gradient elution from 88% to 80% solvent A (0.1 % TFA 
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